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       Abstract 
This study was aimed at determining the sedimentary environment, its evolution and facies 
areal distribution of the Upper Shallow Marine (USM, Late Valanginian). The study was 
conducted in wells E-S1, F-AH4 and E-W1 in the Bredasdorp basin between E-M and F-AH 
fields, located in a basinwards transect roughly transverse to the palaeocoast. 
The wells were studied by logging all the cores in detail between the chosen intervals, 
followed by facies analysis. Each core log was tied with its respective gamma ray and 
resistivity well logs. The logs were then correlated based on their log signatures, trends and 
facies interpretation. The Gamma ray logs show a fining-upwards and coarsening-upwards 
trend (“hour-glass shape”) in E-S1 and F-AH4 while in E-W1 it shows more accommodation 
space. These trends are believed to have been influenced by relative sea level changes, such 
as transgression and regression. 
Facies analysis identified seven facies in the study area: Facies A, B, C, D, E, F and G. Facies 
A, B and C were interpreted as fair-weather and storm deposits of the offshore-transition 
zone, shoreface and foreshore respectively. Facies D was considered as lagoonal mud 
deposits, while Facies E and F were interpreted as tidal channel and tidal bar deposits 
respectively. Finally Facies G was considered as fluvial channel deposits.  
The facies inferred that the sedimentary environment of the study area is a wave-dominated 
estuary or an Island-bar lagoon system. This led to the production of a conceptual model 
showing the possible locations for the three wells in the Island bar-lagoon system.  
The conceptual model inferred the previous findings from PGS (1999) report, that the Upper 
Shallow Marine beds were deposited in a tidal/estuarine to shoreface setting. This model also 
supports the findings of Magobiyane (2014), which proposed a wave-dominated estuary for 
the Upper Shallow Marine reservoir between E-M and F-AH fields, located west of the study 
area. 
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CHAPTER 1 
1.1 Introduction 
The Bredasdorp basin is located on the South African continental shelf between Cape 
Agulhas and Mossel Bay (Fig. 2). It produces oil and gas from a series of Cretaceous and 
Cenozoic reservoirs (PASA, 2012). Its oldest deposits are divided into four intervals, from 
base to top: Lower Fluvial, Lower Shallow Marine, Upper Fluvial and Upper Shallow Marine 
(USM); however the USM sandstones represent the main reservoir interval in the basin. 
The Upper Shallow Marine is embodied by Berriasian to Late Valanginian tidal or estuarine 
to shoreface sandstones with a characteristic hour-glass Gamma ray log signature produced 
by long-term transgression and regression on the northern shelf of Bredasdorp basin (PGS, 
1999). Variations on this pattern reflect the effect of local depositional topography, syn-
sedimentary tectonics, and erosion occurred (PGS, 1999).  
As a result of the mixed tabular and lensoidal geometries of the reservoir sandstones, the 
correlations between wells are particularly uncertain. Determining the sedimentary 
environments of the Upper Shallow Marine cored intervals and its controls and evolution 
with time, will allow more certain correlations between wells and in identifying 
paleoenvironmental changes parallel and/or transverse to the Late Valanginian coast. These 
trends, together with the facies areal distribution, evidence the local paleogeography, 
particularly the presence of faults and high blocks. Also, determining the sedimentary 
environment may allow inferring of the sedimentary environment of the un-cored intervals of 
the same well with identical well log signatures. 
The scarcity of detailed sedimentological studies of Upper Shallow Marine and its character 
as a hydrocarbon reservoir make this study relevant. Determination of the sedimentary 
paleoenvironment and its temporal and spatial distribution will allow a better understanding 
of the paleoenvironmental evolution and its controlling factors. Furthermore it will allow a 
better interpretation of the petrophysical properties of the reservoir and a better understanding 
of the reservoir diagenesis, leading to more accurate reservoir characterization. In addition, it 
could also lead to the improvement of subsurface exploration hypotheses and the isolation of 
possible local tectonic controls on sedimentation. In general the areal and vertical distribution 
of facies and depositional systems is crucial for hydrocarbon exploration and reservoir 
characterization.  
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1.2 Objectives 
The study aims to determine the sedimentary environment, its evolution and facies areal 
distribution of the Upper Shallow Marine (USM, Late Valanginian) in the Bredasdorp basin 
between E-M and F-AH fields, in a basin wards (transverse to the paleocoast) direction.  
 
In order to achieve this goal, every core belonging to the USM interval will be logged in 
detail and a facies analysis will be performed. Each core log will be tied with the respective 
gamma ray and resistivity well logs. Finally the resistivity and gamma ray well logs will be 
correlated based on their signatures, trends and facies interpretation.  
1.3 Study area  
The study area of this thesis is located within the Bredasdorp basin which is situated off the 
south coast of the Republic of South Africa (Fig. 2) covering about 18,000 km
2
 (PASA, 
2012). It is well known for its hydrocarbon production (oil and gas). The Bredasdorp basin 
resulted from rifting activity during the Gondwana break up. A series of graben depocenters 
formed on the southern tip of the African Plate (one of which is the Bredasdorp basin) and 
were filled with thick successions of sandstone and shale (PASA, 2012). 
 
This research focuses on the sedimentological re-interpretation of the Upper Shallow Marine, 
(USM) of three central basin wells. The studied wells, E-S1, F-AH4 and E-W1 are located 
within the Bredasdorp basin block 9 (Offshore) as shown in Table 1 and figure 1. 
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Table 1: Depth and location of the studied wells 
Well name Depth of investigation Grid references Block  
F-AH4 2367m-2430m Lat: 34°52´49.73´´S 
Long: 22°1´53.85´´E 
Block 9 
E-S1 2188m-2271m Lat: 34° 52´33.74´´S 
Long: 21°49´56.26´´E 
Block 9 
E-W1 3229m-3334.67m Lat:   34°58´47.81´´S                            
Long: 21°46´34.37´´E 
Block 9 
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Figure 1: Well location map (UTM coordinate) generated in PETREL. See the regional 
location of the study area in Figure 2. 
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                                                                                  CHAPTER 2 
2.1 Geological setting 
   
Figure 2: Maps showing the location of the study area in the Bredasdorp basin (modified from Broad 2004 and PASA 2010). Approximate 
location of the three studied wells is shown in the yellow rectangle.  
 
The Bredasdorp basin is located on the South African continental shelf between Cape Agulhas and Mossel Bay, covering approximately 18,000 
km² beneath the Indian Ocean (PASA, 2012) (Fig. 2). This basin is one of a series of extensional to transtensional basins that developed along 
the South African continental margin during Late Jurassic-Early Cretaceous Gondwanan break-up (PGS, 1999). When the Dextral transtentional 
stress occurred to the east between the Falkland Plateau and the Mozambique Ridge, and initiated normal faulting north of the Agulhas–Falkland 
fracture Zone (McMillan et al., 1997).   
Bredasdorp basin, along with the Pletmos, Gamtoos, and Algoa sub-basins, is one of the depocenters of the Outeniqua basin (PASA, 2004) (Fig. 
2). The Outeniqua basin is located off the southern tip of Africa and is bordered by the Columbine-Agulhas Arch to the west, the Port Alfred 
Arch to the east and the Diaz Marginal Ridge to the south (Broad et al., 2006). The major fault active (the Agulhas-Falklands Fracture Zone, 
AFFZ) during the rifting of the Outeniqua basin followed the southeasterly trend of older compressional structures of the Permo-Triassic Cape 
Fold Belt.  
This had led to the development of four southeasterly-elongated rift sub-basins separated by fault-bounded basements arches composed of 
Ordorvician to Devonian metasediments of the Cape Supergroup, named (from west to east); Algoa, Gamtoos, Pletmos, and Bredasdorp basins 
(Broad et al., 2006). They were formed due to the interplay of strike-slip movement of the ENE-WSW trending AFFZ and the E-W extension 
during the break up of Gondwana. Such extension reactivated the AFFZ fault as a dextral strike-slip fault, giving way to transtension (extension 
parallel to a strike-slip fault) and the formation of the sub-basins mentioned above. All these basins display rifted graben and half graben 
morphologies (Fig. 3) filled with variable thicknesses of sediments (PASA, 2004; 2005). Half-graben features are formed when normal faults 
dipping in the same direction make adjacent fault blocks to slip down and tilt relative to the adjacent fault (Fig. 3). 
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Figure 3: Formation of a half-graben from a set of parallel listric normal faults (Adopted from 
http://www.webpages.uidaho.edu/~simkat/geol345_files/2014lecture17.html) 
 
The Bredasdorp basin is approximately 200 m long and 80 km wide (Broad et al., 2006) and 
bounded by two arches, namely the Columbine-Agulhas Arch and the Infanta Arch (Brown 
et. al., 1995) (Fig. 4). These arches are elongated basement highs composed of Cape 
Supergroup metasediments, granite and Precambrian metamorphic rock. 
 
Figure 4: Bredasdorp basin map showing the two limiting arches (Adopted from De Wit and 
Ransome, 1992). 
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2.2 Stratigraphy of the Bredasdorp Basin 
 
Figure 5: Chronostratigraphy of the Bredasdorp basin. The red rectangle shows the 
stratigraphic position of the USM reservoirs, studied in this thesis. (Adopted from PASA, 
2012). 
 
The Bredasdorp basin hosts an Oxfordian-Recent stratigraphic column (fig. 5) (PASA, 2012) 
overlying a basement of mudrocks and subordinated quartzites of the Bokkeveld (Devonian) 
and Table Mountain Groups (Ordovician-Silurian) respectively (McMillan et al., 1997). Its 
first deposits are composed of Late Jurassic to Early Cretaceous fluvial and shallow marine 
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syn-rift deposits overlain by Albian to Recent marine deposits (PASA, 2012), both containing 
hydrocarbon reservoir levels. The stratigraphic column reflects the occurrence of a syn-rift 
phase (Late Jurassic to Early Cretaceous) followed by a post-rift or drift phase (Early 
Cretaceous-Tertiary) (Jungslager, 1996; PGS, 1999; PASA, 2012 among others) (Fig. 5). 
The Bredasdorp basin has two phases of syn-rift sedimentation: syn-rift I and syn-rift II 
(Jungslager, 1996). Syn-rift I sedimentation occurred during Middle Jurassic-Late 
Valanginian (Basement to 1At1, Fig. 5) and syn-rift II, during Late Valanginian to 
Hauterivian (1At1 to 6At1, fig. 5) (PASA, 2012).  The basal syn-rift deposits (Kimmeridgian-
Late Valanginian) on the northern margin of Bredasdorp basin can be divided in four 
intervals, from base to top: Lower Fluvial, Lower Shallow Marine, Upper Fluvial and Upper 
Shallow Marine (USM) intervals, all of them underlying the Late Valanginian 1At1 regional 
unconformity (Broad et al., 2006). 
 
The Lower Fluvial interval represents an early graben fill of claystones, sandstones and 
conglomerates deposited in alluvial fan and fluvial environments (Broad et al., 2006). The 
Lower Shallow Marine interval indicates the first marine incursion into the basin and consists 
of glauconitic fossiliferous sandstones indicating progradational beach deposits of 
“Portlandian” (Kimmeridgian) age (Broad et al., 2006). The Upper Fluvial interval comprises 
alluvial floodplain and meandering fluvial deposits. The Upper Shallow Marine interval is 
defined by massive glauconitic fossiliferous sandstones of Late Valanginian age deposited as 
transgressive beach facies along the north and south flanks of the basin and extending into the 
adjacent sub-basins (Broad et al., 2006). 
 
Along the northern margin of the Bredasdorp basin, the syn-rift I succession changes locally 
and, particularly in the F-A field and surroundings (PGS, 1999).  This  is formed by redbeds 
at the base (equivalent to the mentioned Lower Fluvial interval), Transitional Marine (similar 
to the Lower Shallow Marine and Upper Fluvial intervals), Upper Shallow Marine (USM) 
and the locally developed “Zone 1 deposits” or “Fining-upward package” at the top (PGS, 
1999).  
The syn-rift I succession is truncated by a regional 1At1 unconformity which separates the 
Upper Shallow Marine sediments below from overlying deep-marine sediments. According 
to Jungslager (1996), this unconformity indicates the onset of a renewed rifting phase (syn-
rift II) initiated as a result of early movement along the AFFZ at about 121 Ma (Valanginian-
Hauterivian boundary). 
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After the syn-rift II, the Transitional (Early Drift) phase occurred during Hauterivian to 
Aptian (6At1 to 13At1, Fig. 5) (PASA, 2012). This phase of sedimentation was influenced by 
tectonic events and eustatic sea-level changes, and was characterised by repeated episodes of 
progradation and aggradation (Broad et al., 2006). 
 
Conversely the beginning of the drift-phase is marked by the 14At1 mid-Albian unconformity 
(Broad et al., 2006) which records the beginning of the effective thermally driven subsidence 
when the trailing edge of the Falkland Plateau cleared the Columbine-Agulhas Arch by Late 
Albian. During this time, the F-A fields and satellites area was on a southward facing 
shallow-marine shelf. Major uplift and erosion at the 13At1 unconformity was followed by 
long-term regional subsidence through the rest of the Cretaceous time and from the mid-
Aptian 13A sea-level highstand, fully marine conditions were established as the Falklands 
pulled free of Africa. Thereafter, significant regional tilting and erosion took place during the 
Tertiary, and shelf aggradation continued until the present day (PGS, 1999). 
 
2.3 Hydrocarbon systems components in the Bredasdorp Basin  
This section will give a brief overview of all petroleum systems components present in the 
study area. In general, the hydrocarbon components necessary for oil and gas accumulation in 
sufficient quantities to create a pool are; source rocks, reservoir rocks to store the 
accumulated oil and gas, a system of trap and seal to prevent the oil and gas from leaking 
away. 
 
Source rocks 
Source rocks are rocks from which hydrocarbons have been generated and expelled. The best 
developed source rocks in the Bredasdorp basin are mudrock deposits in the syn-rift and 
transitional rift- drift sequence (Early Valanginian to Mid-Aptian; 1A to 13A sequences). The 
syn-rift mudrock deposits are mature over large parts of the area, being the source rock for 
the hydrocarbons contained in the reservoirs located below 1At1 unconformity (PASA, 
2012). Conversely, the 13A (Mid-Aptian) mudrock deposit is the main source for the oil 
fields and a minor source for the gas condensate fields (PASA, 2012). These 13A source 
rocks are assumed to be thick (more than 100m) and rich in the Southern Outeniqua basin.  
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Reservoir rocks 
Reservoir rocks are permeable and porous subsurface rocks that contain hydrocarbons. The 
reservoir rocks found in the Bredasdorp basin are mainly of two types: shelf sandstones of the 
syn-rift section, and deep marine turbidite sandstones of the drift sections (PASA, 2012). It 
must be noted that this thesis is focused on the shallow marine reservoirs of the syn-rift 
section (Upper Shallow Marine).  
Seals and traps 
Seal is an impermeable rock that blocks upward movement of oil and gas. In the Bredasdorp 
basin the marine shales of the drift stage act as the main seals. However syn-rift seals also 
exist in the form either of non-connecting faults of tilted and faulted blocks or marine or 
lagoonal mud deposits of the syn-rift section (Williams, 2014). 
The Bredasdorp basin has two types of hydrocarbon traps; structural traps (those controlled 
by geological structure suchas folding or faulting) and stratigraphic traps (those controlled by 
the stratigraphical position of the porous and non-porous sections) (Lapidus, 2003). 
Structural traps common within the syn-rift column are tilted fault blocks; however inversion 
related closures and compactional anticlines were common during the drift stage (PASA, 
2012). Stratigraphic traps however include inversion closures and pinch-outs which were 
common during the drift stage (PASA, 2012). 
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CHAPTER 3 
3.1 Materials and methods 
 
This chapter describes the materials and methods used to achieveto the aims and objectives of 
the study. The flow chart on figure 6 illustrates steps taken in carrying out this research. The 
data set used for this study includes, core description and/or core photographs and some real 
cores of wells F-AH4, E-S1 and E-W1, well completion reports, digital wireline logs (gamma 
ray and resistivity logs) and well tops, all of them provided by the Petroleum Agency South 
Africa (PASA). PETREL software (made available by UWC Earth Sciences Department) was 
used to interpret, model and analyse some of the digitized data. 
 
Studies for this thesis started with the review of previous reports and articles and analogous 
oil and gas fields. Core description and logging of all the cores was then performed (from 
core photographs, core descriptions and some cores) from base to top, to identify facies based 
on grain size, sedimentary structures, texture and composition. The stratigraphic relationship 
between facies (facies analysis) was then determined to deduce depositional processes 
occurring in certain parts of the sedimentary environment and eventually determine the 
sedimentary environment.  
 
Gamma ray and resistivity log trends were then related to possible depositional sequences of 
events. The drawn vertical sections of the cores were then tied to the respective well logs, 
paying attention to the different depths and to the recognition of facies, where a core depth 
shift was needed at times. A regional correlation was then performed based on well log 
patterns and signatures. The well logs were correlated to obtain the correlation of deposits 
between the three wells as well as the areal and vertical facies distribution of the same age, 
and the extent of the sedimentary environment basinward direction. 
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3.1.1 Workflow chart  
 
            Literature review 
 
 
  
                             
                            
 
                                                        
 
                                            
cc                                                                                               
 
   
 
                        
                
  
 
                                                                                                   
  
  
 
 
 
 
 
 
 
 
Figure 6: Flow chart of research methodology 
Data collection and 
review 
 
Wireline Log analysis 
(Trends from Gamma Ray 
and Resistivity log) 
Data loading and QC 
Well log data 
Core data 
Core analysis and 
facies identification 
Develop written 
report 
Matching vertical 
sections with well logs 
Well log correlation: Relating 
trends to depositional 
sequence of events  
Depositional environments 
Facies association 
from vertical sections 
Regional correlation  
(From well logs and facies 
association) 
Geological model 
Submission of written 
report 
Create Vertical 
sections 
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3.2 Work flow description 
3.2.1 Core samples: 
 
A core is a cylindrical section of rock taken as a sample from a reservoir or area of interest in 
a drilled hydrocarbon well for geological analysis. The core sample must be accompanied by 
documentation providing context (core description). Core description is the careful 
examination and recording of information from the core samples to provide stratigraphic 
data, environmental interpretation, and wireline log calibration.  
 
Core description mainly describes the physical properties of the rock which includes the 
description of bedding, lithology, grain size distribution, colour, sorting, sedimentary 
structures, fossils, and any other macro-features of the rock. The core analysis data can then 
be used to understand depositional environment, reservoir geometry, and reservoir quality. 
However results of core analysis, define porosity and permeability of the reservoir rock, fluid 
saturation and grain density (www.rigzone.com). All these measurements help to understand 
the conditions of the well and its potential productivity. 
 
Core samples are extremely useful for geological exploration in the initial stage of locating 
potential fields in the oil and mining industry. Before capitalizing in setting up oil wells or 
exploring for materials like metals and precious stones, companies want to know if a site will 
be productive. A range of techniques can be used to collect the data about the location, 
however core samples are often very informative in indicating whether the materials of 
interest are present, and providing information about their concentrations in the particular 
area.  
 
3.2.2 Facies analysis: 
 
The term Facies refers to “a body of rock characterized by a particular combination of 
lithology, physical and biological structures that bestow another facies body different from 
the bodies of rock above, below and laterally adjacent” (Walker, 1992). Some of the 
characteristics used to characterize the facies body include dimensions, sedimentary 
structures, grain sizes and types, colour and biogenic content of the sedimentary rock. In 
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general facies analysis is a rigorous, scientific approach to the interpretation of strata 
(Walker, 1992). 
 
Facies that were identified were based on the grain size, sedimentary structures, type of 
contacts, bed pattern, thickness, presence and type of bioturbation, minerals, body fossils and 
colour distribution. Facies analysis was then followed by facies association, this is the 
grouping of facies that are genetically related to one another and which have some 
environmental significance (Walker, 1992). These facies associations were then associated to 
certain parts of the environment that is likely to have such features due to the active 
depositional processes. Facies analysis was performed on all the cores of the three wells used 
in this study. 
 
3.2.3 Well logs: 
 
Well logging is the practice of making a detailed record of the geologic formations penetrated 
by a borehole.  The logs can be either geological logs based on the visual inspection of 
samples brought to the surface or they can be geophysical logs based on physical 
measurements made by instruments lowered into the hole (Rider, 1996). Well logging can be 
performed in boreholes drilled for hydrocarbons (oil and gas), groundwater, mineral and 
geothermal exploration, as well as part of environmental and geotechnical studies. 
 
In the oil and gas industry, well logging data is used to identify reservoir rocks, hydrocarbons 
and source rocks in the exploration wells. Logging operations can be done during any phase 
of a well's history; drilling, completing, producing and during the abandoning of the well. 
Geoscientists and drillers use well logs to measure depths of formation tops, thickness of 
formations, porosity, water saturation, temperature, types of formations encountered, 
presence of oil and/or gas, estimated permeability, reservoir pressures and formation dip, 
ultimately determining whether a well is commercially viable or not (www.rigzone.com)  
Well logging is generally made by instruments lowered into the well during drilling which 
measure different properties of the well rocks and therefore produce different types of 
wireline logs (www.rigzone.com). Though there are different types of wireline logs, however 
for the purpose of this study, only gamma ray and resistivity logs are used for correlation of 
the adjacent wells mentioned above. 
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i. Gamma ray log 
 
The gamma ray log is a record of a formation is natural radioactivity to characterize the rock 
or sediment in a borehole (Rider, 2000). The radiation emanates from naturally occurring 
elements such as uranium, thorium and potassium. Amongst different sedimentary rocks, 
shales have by far the strongest radiation (Rider, 2000).  This is because radioactive 
potassium is a common component in clay content, and the cation exchange capacity of clay 
will causes them to absorb uranium and thorium. The difference in radioactivity between 
shales and other sedimentary rocks (sandstones/carbonate rocks) allows the gamma tool to 
distinguish between shales and non-shales (www.ukessays.com).   
 
However, not all shales are radioactive, and all that is radioactive is not necessarily shale 
(Rider, 2000). High gamma ray values may often not imply shaliness, but be a reflection of 
radioactive sands such as potassium rich feldspathic, glauconitic, or micaceous sandstones. 
Gamma ray log is important for identifying lithologies, facies and sequences and is also used 
for correlating between adjacent boreholes (Rider, 2000).  The value range of gamma ray is 
measured in API (American Petroleum Institute) units and varies from very few units (in 
anhydrite) to over 200 API units in shales (Rider 2000). 
 
In this study the gamma ray log was used following the criteria of Rider (1996) because such 
log curve gives greater variety of shapes, making the correlation between the three boreholes 
in this study easier. Figure 7 shows the different gamma ray log shapes, namely; cylindrical 
or block shape, funnel shape, bell shape, symmetrical shape and serrated shape (Rider, 1996). 
 
 
 
 
Page | 27  
 
Figure 7: Gamma ray log shape classification (Adopted from Emery, 1996). 
The cylindrical or block shape (Fig. 7) shows a low gamma reading (Rider, 1996) and has 
sharp boundaries with no internal change. This trend reflects an aggradational deposits and 
it can occur in fluvial channel sands, turbidites (characteristically with greater range of 
thickness), and aeolian sands. However, evaporites also can have a cylindrical gamma 
trend (Rider, 1996). 
 
The funnel shape (Fig. 7) also known as the cleaning-up trend shows a gradual upward 
decrease in gamma response (Rider, 1996). This trend reflects a coarsening-upwards or 
prograding deposit and it can be found in shallow marine and deep marine settings. In 
shallow marine settings this trend reveals a change from shale-rich into sand-rich lithology 
indicative of an upward increase in depositional energy and shallowing. In deep marine 
settings, this trend reflects an increase in the sand content of turbidite bodies which can be 
unrelated to a shallowing episode (Lanes, 2015, personal comm.). The funnel trend can 
also point out a gradual change from clastic to carbonate deposition. 
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The bell shape trend (Fig. 7), also known as the dirtying-up trend, shows a gradual upward 
increase in the gamma response reflecting a finning-upwards trend (a change from sand to 
shale in bulky beds or thinly interbedded sand-shale units). The bell shape trend usually 
infers a decrease in depositional energy. In a non-marine setting, the bell trend (fining 
upward) is present mainly within meandering or tidal channel deposits due to an upward 
decrease in fluid velocity. In a shallow-marine setting, the bell trend usually reflects an 
upward deepening and a decrease in depositional energy (transgression or shoreline 
retreat). However in deep-marine settings, this trend reflects waning of submarine fans 
(reducing of sand contents) which can be unrelated to a change in depth. 
 
There are additionally two intermediate trends that can be recognized, namely the 
symmetrical trend and the serrated trend.  The symmetrical shape also known as the barrel 
trend (Fig. 7) shows a gradual decrease then gradual increase in the gamma response.  This 
trend is usually the result of successive progradation and retrogration of the depositional 
setting.  
 
The serrated shape, which is also known as the lack of character trend, represents the 
aggradation of thin shales or silts and sandy intervals, and they can also occur in fluvial 
floodplains, tidally-influenced settings (e.g. tidal flats), storm-dominated offshore and deep 
marine settings (e.g. distal turbidite lobes).  
 
ii. Resistivity logs 
 
Resistivity is defined as the degree to which a substance resists the flow of electric current. 
Resistivity logging is a method of well logging that characterizes the rock or sediment in a 
borehole by measuring its electrical resistivity (Rider, 2000). Resistivity logging can be used 
in mineral exploration (especially exploration for iron and potassium) and water-well drilling, 
but is commonly used for formation evaluation in oil- and gas-well drilling. Hydrocarbon 
fluids are an exception, because they are almost infinitely resistive (Rider, 2000). When a 
formation is porous and contains salty water, the resistivity will be low. However when the 
formation contains hydrocarbons or very low porosity, its resistivity will be high. The high 
resistivity values may indicate a hydrocarbon bearing formation (Rider, 2000). In this study 
four types of Resistivity logs were used, namely; SFLU (Spherically Focused Log, IDL 
(Induction Log Deep), LLD (Laterolog Deep) and LLS (Laterolog Shallow). 
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3.2.4 Correlation between core logs and well logs: 
 
A regional correlation was performed based on well log patterns. The well logs and core logs 
(in the same scale) were correlated to obtain the areal facies distribution of the same age and 
the extent of the sedimentary environment in a basinward direction. Petrel software was used 
to load and display the log curves (resistivity and gamma ray log), well tops, and to create the 
facies logs for correlation; this would allow us to match the well logs with the vertical section 
created from the core description. 
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                                                                            CHAPTER 4 
 
4. Results and Interpretations 
 
Figure eight shows the general scenario of the three correlated wells (E-S1, F-AH4 and E-W1). Each core of each well will however be analysed 
in detail below. 
 
 
Figure 8: Correlation of the three wells. For more detail in the logs of cored sections, please refer to figures 9, 14 and 20, and the Appendix.  
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4.1 Core Descriptions 
 
1. E-S1 
 
Figure nine shows well logs of E-S1 with its drawn vertical logs against them.  Four cores were described for this well; core one to core four. 
Core one was taken from the depth of 2188 m to 2202.75 m; core two from 2207.32 m to 2213.75 m; core three from 2237.15 m to 2255.10 m 
and core four from 2256.5 m to 2271 m. 
 
 
Figure 9: E-S1 showing resistivity and GR logs matched against all the vertical sections of the logged cores which are successively displayed on 
the right side. For details of the cores see figures 10, 11, 12, 13, 14 and the Appendix.   
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Core four: (Fig. 10): From base to top 
This core is predominately composed of fining upward beds of very coarse to silty fine 
sandstone, with gravel basal lags (Facies E). The beds show trough or planar cross-bedding at 
the base (sometimes with gravel lags at trough bases), overlain by massive intervals, plane 
lamination, ripple lamination and or flaser lamination on top. Also slump structures, load 
structures and water escape structures are common throughout the bed. The basal lag is 
composed of some green and dark grey claystone clasts, white to light grey quartz pebbles, 
dark brown siltstone clasts, and some plant fragments. Sometimes these beds can contain 
siderite layers and pebbles, pyrite fragments, nodules and lenses, carbonaceous debris and 
wood fragments. Plant remains and glauconite are also present.  
The fining upward beds alternate with coarsening upwards beds of mostly medium-coarse 
and rarely very coarse grained sandstones with plane base (Facies F). These beds begin with 
rippled lamination, interbedded, heterolithic very fine sandstone and siltstones, overlain by 
planar cross-bedded, trough cross-bedding and very coarse massive sandstone at the top. 
Heterolithic portions include flaser lamination, while ripple lamination and cross bedding 
contain mud drapes. The beds appear generally bioturbated and mottled (Fig. 10). 
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Figure 10: E-S1 Core four vertical section matched with resistivity and GR logs. Refer to appendix for detailed vertical section. Plates 1 and 2 show the bed bases on the right side of the photo, the arrows below both 
photos extend from bed base to top.  
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Core three (Fig. 11): From base to top 
The vertical section of core three shows the basal beds of this as a continuation the beds on 
core four. The base is mainly composed of blocky or fining upward beds of very coarse to 
silty fine sandstone with trough and or planar cross-bedding at the base, overlain by massive 
intervals of sandstone, plane lamination, ripple lamination and or flaser lamination on tops 
(Facies E).  
 
The fining upward beds alternate with coarsening upwards beds of mostly medium-coarse 
and rarely very coarse grained sandstones with plane base (Facies F), just as in core four, as 
described above. However, at the top of core four the fining upwards beds (Facies E) are 
overlain by coarsening upwards beds of coarse to medium sandstone (Facies C), which are 10 
cm to 1m thick. They show current ripple lamination, wave ripples, planar cross bedding, and 
normal grading at the base, overlain by hummocky cross stratification (HCS) which confirms 
occasional storm waves and storm influence. The hummocky cross stratification grading 
upwards to planar cross-bedding or parallel lamination shows the deposition by storm waves 
and decelerating unidirectional storm-related flows (“storm relaxation flows” sensu Walker 
and Plint, 1992). The basal lag is composed of medium to light grey sandstone. These beds 
have grains of glauconite, carbonate and carbon, and also small scattered quartz pebbles (Fig. 
11). 
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Figure 11: E-S1 Core three vertical section matched with resistivity and GR logs. Refer to appendix 
for detailed vertical section. 
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Core two (Fig. 12): From base to top 
Core two is a succession of higly bioturbated or synsedimentary deformed muds (Facies D). 
The beds of this facies were originally heterolithic siltstone and sandstone alternations, highly 
bioturbated or deformed by loading or fluid escape. Some mud cracks (at 2210.64-2210.28m) 
show subaerial exposure and a probable intertidal to upper intertidal position.  
 
This core is predominantly composed of blocky and fining upward beds of very fine to fine 
siltstone and/or thick mudstones (bed thickness ranging from 10 cm to 2m) showing plane 
lamination, heterolithic plane lamination, ripple lamination with mud drapes, heterolithic 
ripple lamination (wavy lamination, flaser lamination etc), and massive intervals of siltstone. 
Load structures are common. The beds are argillaceous, highly bioturbated and usually 
mottled. The basal gravel lags are composed of light to dark green or dark brown mud clasts  
 (Fig. 12). 
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Figure 12: E-S1 Core two vertical section matched with resistivity and GR logs. Refer to appendix for detailed vertical section. Plate 3 show the bed base on the right side of the photo with the arrow below extending from the 
base to the bed top. 
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Core one (Fig. 13): from base to top 
Core one shows a succession mainly composed of coarsening-upwards and blocky beds 
though some fining-upward beds also occur.  
 
This core begins with coarsening-upwards or blocky beds of medium grain sandstone (bed 
thickness ranging from 10 cm to 1m thick) (Facies C). The beds show abundant hummocky 
cross stratification (HCS) and/or current ripple lamination at the base, overlain by plane 
lamination, wave ripple lamination or a massive interval. Soft deformation structures (load 
and ball and pillow structures) are very common. The beds are moderately to highly 
bioturbated with vertical burrows. The basal lag is light (green) grey sandstone. These beds 
also contain glauconite, carbonaceous debris, calcareous grains, pyrite and some 
undetermined echinoderm and bivalve shells 
The above beds alternate with fining-upward beds of fine to medium sandstone with current 
ripple lamination, planar cross bedding, normal grading or a massive interval at the base, 
overlain by hummocky cross stratification (HCS) and current ripples (Facies B). The basal 
lag is medium to light grey in colour. Also parts of these beds are moderately glauconitic, 
calcareous and carbonaceous. These fining-upward beds alternate with other fining- upwards 
beds of alternating medium and/or fine sandstone/siltstone with mudstone, also moderately to 
highly bioturbated and sometimes mottled (Facies A). These beds begin with massive 
sandstone at the base overlain by plane laminated, current rippled or hummocky cross-
stratified sandstone, or plane laminated siltstone. These beds consist of light grey sandstone 
with light green to dark green siltstone. (Fig. 13)  
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Figure 13: E-S1 Core one vertical section matched with resistivity and GR logs. Refer to appendix for detailed vertical section. Plate 4 show the bed base on the right side of the photo with the arrow below extending from the 
base to the bed top. 
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2. F-AH4 
 
Figure fourteen shows well logs of F-AH4 correlated with the core analysis logs. Five cores were described for this well; core one to core five. 
Core one was taken from the depth of 2367.00 m to 2385. 39m; core two from 22403.25 m to 2385.40 m; core three from 2403.25 m to 2421.63 
m; core four from 2421.83 m to 2423.40 m and core five from 2424.00 to 2430.05. 
 
 
 Figure 14: F-AH4 showing resistivity and GR logs matched against all the vertical sections of the logged cores which are successively    
displayed on the right side. For details of the cores see figures 15, 16, 17, 18, 19 and the Appendix. 
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Core five (Fig. 1): From base to top 
This core is predominantly composed of fining upward beds of very coarse to silty fine 
sandstone, with erosive bases and gravel basal lags (Facies E). These beds show current 
ripples at the base overlain by massive intervals, plane lamination, ripple lamination and or 
flaser lamination on top. The basal lag is composed of green, dark grey and dark brown mud 
clasts, white to light grey quartz pebbles, and some plant fragments. These beds are also 
argillaceous and contain siderite layers and pebbles, pyrite, carbonaceous and wood 
fragments. Glauconite is also present in some places. 
The above beds alternate with other fining-upward beds of medium to very fine sandstone 
that are moderately bioturbated and sometimes mottled (Facies C). These beds begin with 
massive or normally graded sandstone at the base overlain by plane lamination, hummocky 
cross stratification and current ripples (Fig. 15). 
 
Core four (Fig. 16): From base to top) 
Core four beds are closely identical to the basal beds described in core five and from the 
vertical section it can be seen that this base is the continuation of what was seen in core five. 
The beds in core four are composed of fining upward beds of medium/coarse to silty fine 
sandstone. The beds show trough or planar cross-bedding at the base (sometimes with gravel 
lags at trough bases), overlain by massive intervals, plane lamination, ripple lamination and 
or flaser lamination on top (Facies E). These beds contain some siderite, pyrite, carbonaceous 
debris and wood fragments. Glauconite and bioturbation are also present in some layers (Fig. 
16). 
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Figure 15: F-H4 Core five vertical section matched with resistivity and GR logs. Refer to appendix 
for detailed vertical section. 
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Figure 16: F-AH4 Core four vertical section matched with resistivity and GR logs. Refer to appendix 
for detailed vertical section. 
 
Core three (Fig. 17): from base to top 
Core three basal beds are closely identical to the basal beds described in cores four and five, 
being particularly similar to what was described as a base in core four (Fig. 17). The base of 
core three is a fining upward bed of coarse gravelly sandstone with normal gradation, trough 
cross-bedding and plane lamination at the top, (Facies C). This bed contains pyrite and some 
lithic clasts. It is overlain by coarsening-upward, medium to coarse grain sandstone beds that 
begin with plane laminated or rippled laminated, interbedded, heterolithic very fine 
sandstone, overlain by visible trough-cross bedding near the bottom, some current ripples and 
planar cross-bedding are visible at the top, (Facies F). Heterolithic portions include flaser 
lamination, while ripple lamination and cross bedding contain mud drapes.  
In the middle and upper parts of the core some fining upward or blocky hummocky cross 
stratified medium grained sandstones occur, (Facies B). These beds show hummocky cross 
stratification (HCS) and current ripple lamination near the base grading into wave ripple-
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lamination near the top. The beds are moderately bioturbated, moderately glauconitic, 
carbonaceous and pyritic. These sandstones are greenish grey to medium grey and light 
brown in parts. These beds alternate with another fining-upward bed of medium sandstone to 
siltstone, that is moderately to highly bioturbated and sometimes mottled, (Facies A). These 
last beds begin with a massive or normally graded interval overlain by plane laminated, 
current rippled and hummocky cross-stratified sandstone, and some plane laminated siltstone 
visible at the top. There are some basal lags of mud clasts. Sandstone is grey and siltstone is 
light to dark green. 
Core three ends with fining-upwards, blocky or coarsening-upwards beds of coarse to 
medium sandstone, 10 cm to 1m thick (Facies C). They show current ripple lamination, 
planar cross bedding or normal grading at the base overlain by some hummocky cross 
stratification (HCS) and current ripples. This bed is moderately glauconitic, carbonaceous 
and contains some scattered quartz pebbles (Fig. 17). 
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Figure 17: F-AH4 Core three vertical section matched with resistivity and GR logs. Refer to appendix 
for detailed vertical section. 
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Core two (Fig. 1): From base to top 
Basal beds are fining upward of medium to silty fine sandstone, with gravel basal lags, 
(Facies E). The beds show trough cross-bedding, planar cross-bedding at the base overlain by 
some climbing ripples, current ripple lamination and flaser lamination on top. Also these beds 
have some load casts and mud clasts throughout the bed.  
Overlying Facies E beds are some coarsening-upwards, blocky or fining-upwards beds of 
heterolithic fine sandstone up to coarse sandstones with plane bases, (Facies F). These beds 
begin with current rippled lamination, interbedded heterolithic very fine sandstone and 
siltstones, overlain by planar cross-bedding and trough cross-bedding at the top of the bed. 
The ripple lamination and cross bedding contain mud drapes. The beds appear moderately 
bioturbated, moderately carbonaceous, moderately glauconitic, with occasional micro-
faulting.  
Facies F beds alternate with fining-upwards beds of hummocky cross stratified medium 
sandstones which are Facies A, and fining-upwards beds of cross-bedded coarse sandstones 
(Facies C). The Facies A beds are fining-upwards, medium sandstone to siltstone and show 
planar or trough cross-bedding and occasional mud clasts at the base, overlain by current 
ripples and hummocky cross-stratification. Sandstone is light grey while siltstone is light to 
dark green. The Facies C beds are blocky to fining-upwards beds of coarse to medium 
sandstone with current ripple lamination, planar cross bedding and some hummocky cross-
stratification (HCS). Mud clasts also occur (Fig. 18). 
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Figure 18: F-AH4 Core two vertical section matched with resistivity and GR logs. Refer to appendix 
for detailed vertical section. 
 
 
 
 
Page | 48  
 
Core one (Fig. 19): From base to top 
Core one basal lag start off with a fining-upwards or blocky beds of medium to fine 
sandstone with gravel basal lags (Facies E). The beds show trough or planar cross-bedding at 
the base overlain by plane lamination, current ripple lamination and flaser lamination on top. 
Also load structures and mud clasts are common throughout the beds. It contains siderite, 
pyrite, occasional glauconite and some plant remains. 
The above bed is overlain by coarsening upwards beds of heterolithic fine sandstone with 
plane bases (Facies F). These beds begin with heterolithic very fine sandstone and siltstones, 
overlain by planar cross-bedded and trough cross-bedding at the top. The heterolithic portions 
also include flaser lamination, while the ripple lamination and cross bedding contain mud 
drapes and mud clasts. These beds contain occasional glauconite and moderate bioturbation.  
In the middle and upper parts of core one, Facies G beds appear as conglomerate beds that are  
fining upward to very fine sandstone, with erosive base. The beds begin with a basal 
conglomerate or infrequent normally graded coarse sandstones, overlain by plane laminated 
fine sandstone. The conglomerates are clast-supported, massive, normally graded and trough 
cross-bedded, composed of pebbles ranging from 0.5-2cm. These beds have some pyrite, 
quartz, wood fragments (4cm length) and carbonaceous debris. The beds are light grey to 
dark grey with parts of brown in color (Fig. 19). 
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Figure 19: F-AH4 Core one vertical section matched with resistivity and GR logs. Refer to appendix for detailed vertical section. Red arrows on both Plate 5 and 6 extend from bed base to top. 
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3. E-W1 
Figure twenty shows well logs of E-W1 with its drawn vertical logs against them.  Six cores were described for this well; core three to core eight. Core three 
was taken from the depth of 3229.00 m to 3244.01 m; core four  from 3245.00 m to  3262.60m; core five from 3264.00 m to 3274.98 m; core six from 
3281.04 m to 3299.00 m; core seven from 3299.00 m to 3316.94 m and core eight from 3317.18 m to 3334.67m  . 
  
Figure 20: Well E-W1 showing resistivity and GR logs matched against all the vertical sections of the logged cores which are successively 
displayed on the right side. For details of the cores see figures 21, 22 and 23, and the Appendix. 
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Core eight (Fig. 21): From base to top 
This core begins with fining-upward beds of coarse to fine sandstone, with gravel basal lags 
(Facies E). The beds show plane lamination, current ripples and wave ripples overlain by 
planar cross-bedding, trough cross-bedding and flaser lamination on top. Evidences of soft 
sediment deformation (e.g slump structures and load structures), and moderate bioturbation 
are also common. Siderite and pyrite are also visible. 
A thin fining-upward bed of dark brown fine siltstone to mudstone with heterolithic plane 
lamination and mud drapes (Facies D) overlays the above beds. This thin bed is highly 
bioturbated and mottled. 
Overlaying Facies D thin bed, are coarsening-upwards beds of heterolithic fine sandstone 
that`s coarsening upwards with plane bases (Facies F). These beds begin with plane 
lamination, current rippled lamination and wave ripple lamination with mud clasts, overlain 
by planar and trough cross-bedding with mud clasts or very massive coarse sandstone at 
thetop. The heterolithic portions of this bed include flaser lamination. Soft deformation 
structures, some quartz pebbles and carbonaceous debris also occur. The beds appear 
moderately bioturbated and show white to light grey, greenish grey colour. 
Also, some thin blocky beds of medium sandstone that show wave ripple lamination overlain 
by hummocky cross stratification (HCS) (Facies C) appear at the top of the core. These beds 
are medium to light grey in colour (Fig. 21). 
 
 
 
 
 
 
Page | 52  
 
 
Figure 21: E-W1 Core eight vertical section matched with resistivity and GR logs. Refer to appendix 
for detailed vertical section. 
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Core seven (Fig. 22) : From base to top 
This core begins with coarsening upwards beds of very fine to medium heterolithic 
sandstones with plane bases (Facies F). These beds begin with plane lamination or current 
rippled lamination overlain by planar cross-bedded and trough cross-bedding at the top. Soft 
deformation structures, mud clasts, some quartz pebbles and carbonaceous debris also occur.  
Overlaying Facies F beds, are fining upward beds of very coarse to silty fine sandstone, with 
erosive bases and gravel basal lags (Facies E). The beds show massive intervals with gravel 
lags at the base overlain by plane lamination, current ripple lamination, some climbing 
ripples, trough or planar cross-bedding at the top. Mud clasts, micro-faulting, pyrite and 
carbonaceous nodules also occur.  
At the upper part of core seven, some fining-upward beds of hummocky cross-stratified, 
medium sandstone to siltstone appear. These beds begin with a massive interval at the base 
overlain by plane lamination, hummocky cross stratification, and planar cross bedding and 
current ripples at the top. Carbonaceous debris also occurs occasionally. The sandstones are 
light grey while siltstones are light to dark green. 
Finally at the top of the core some thin blocky beds of medium grain sandstone (Facies B), 
occur. These beds show plane lamination, wave ripple lamination and some hummocky cross 
stratification (HCS). They are light grey in colour (Fig. 22). 
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Figure 22: E-W1 Core seven vertical section matched with resistivity and GR logs. Refer to appendix for detailed vertical section. Red arrow on Plate 7 extends from bed base to top. Plate 8 shows a bedtop plane. 
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Core six to core three (Fig. 23): From base to top 
Core six base beds are closely identical to the core seven top beds described above and from 
the vertical section it can be noted that this base is the continuation of what was seen in core 
seven. Cores six to core three are seen to have a close relationship to one another with similar 
facies and lithologies occurring throughout. Three bed types were identified in all the four 
cores (core six to three) (Fig. 23). 
The first bed that was identified in all these cores were fining upwards and blocky beds, and 
sometimes coarsening-upwards beds, of medium grain sandstone with plane lamination, wave 
ripples, current ripples or massive intervals at the base (Facies B). Planar cross-bedding and 
some trough-cross-bedding are seen on these beds in core 5 and core 3.  Lithic clasts and mud 
clasts can also occur (Fig. 23, core 6).  
Overlaying the above beds are coarsening-upwards blocky or subordinately fining upwards 
beds of medium to coarse grained sandstone, with erosive bases (Facies C). They show 
current ripple lamination, planar or trough cross-bedding, and some massive intervals at the 
base, overlain by hummocky cross stratification (HCS), current ripples, wave ripples and 
some climbing ripples. These beds contain some glauconite grains, pyrite and scattered quartz 
pebbles (Fig. 23, core 4). Lithic clasts, mud clasts, soft sediment deformation and some 
micro-faulting are also visible throughout the beds. These beds are medium to light grey in 
colour. 
The above beds are overlain by fining-upward, blocky or rarely coarsening-upwards beds of 
medium sandstone to mudstone (Facies A). The beds begin with plane lamination, current 
rippled or hummocky cross stratified sandstone, some parts however show planar and trough 
cross-bedding (Fig. 23, core 3). These beds are light grey sandstone with light green to dark 
green siltstone (Fig. 23).  
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Figure 23: E-W1 Core six- core three vertical section matched with resistivity and GR logs. Refer to appendix for detailed vertical section. 
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4.2 Well log trends 
 
The Upper Shallow Marine is reported to exhibit an hour-glass gamma ray log signature 
which results from two successive sea level changes; a marine transgression, which produced 
a retrogradational fining-upward profile followed by a regression which produced a 
progradational coarsening-upward section (PGS, 1999).  
A transgression occurs when sea level rises and floods onshore covering the coastal settings 
with fine marine sediments and therefore forming a fining-upward sequence (Walker, 1992). 
Conversely a regressive event occurs when sea level falls, which results in a non-marine 
coastal sediments deposited basinwards overlying fine marine sediments in coarsening- 
upward vertical sections (Walker, 1992).  The coarsening-upward successions always need a 
high sediment supply to be formed, which could allow progradation under a sea level rise.  
 
Figure 24 shows possible trends that were interpreted on the gamma ray logs of the three 
studied wells. From the correlation of the three well logs two features were noted: 1) 
Considering that the Upper Shallow Marine interval in the three wells is the same age 
(because they are limited by the same well tops), the thicker USM logs evidence of more 
accommodation in E-W1 than in the other two wells. This is partly because of the effect of 
the downthrown blocks of the faults separating the wells. 2) The general "fining-and-then-
coarsening upwards" trend (hour-glass shape) of the USM is seen in wells E-S1 and F-AH4.  
This trend was already recognized by PGS (1999). It was also noted that in well E-S1, where 
the red triangle is placed is out of the study interval since it is above the 1At1 interval and 
this study only focuses on the Upper Shallow Marine which is below the 1At1 unconformity.  
 
Also the high resistivity values observed in the logs of well E-S1 and F-AH4 may be an 
indication of hydrocarbon potential; however this is not confirmed by neutron-density log or 
mudlog data. The micro-faulting observed in E-S1 and  F-AH4, suggests fault potential and 
the fining / coarsening beds in Figure 24, representing sandstones, mudstones and siltstones,  
suggesting reservoir and seal potential. 
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Fig 24: Correlation of the three studied wells showing gamma ray log trends on a regional scale. 
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4.3 Facies analysis 
 
In order to determine the sedimentary environment where the reservoir rocks were deposited, 
a facies analysis was carried out. According to Walker (1992) facies is a “rock body 
characterized by a particular combination of lithology, physical and biological structures that 
bestow an aspect different from the rock bodies above, below and laterally adjacent”. The 
facies reflect the sedimentary processes which deposited that rock body, and these processes 
occur in specific areas of the sedimentary environment. As a result, certain facies represents a 
part of the sedimentary environment (or ‘subenvironment’). Other authors consider ‘facies 
associations’ as ‘groups of facies genetically related to one another with some environmental 
significance; they represent parts of a sedimentary environment (Collinson, 1969 among 
others). Therefore in this MSc thesis the word ‘facies’ was used as a synonym of ‘facies 
associations’ by Collinson (1969).  
In this study seven different facies (meaning “facies associations” according to Collinson, 
1969) were recognized and shown in Table 2. 
 
Table 2:  Facies recognized in this study. 
Facies 
name 
Facies description Composition and fossils Paleoenviron
mental 
Interpretatio
n 
A -Fining upward bed of alternating medium and/or fine 
sandstone/siltstone with mudstone (beds ranging from 12 cm 
to 40 cm thick), moderately to highly bioturbated and 
sometimes mottled. 
-Generally the beds begin with a massive sandstone at the 
base overlain by plane laminated, current rippled or 
hummocky cross stratified sandstone, or plane laminated 
siltstone.  
-Light grey sandstone with light green to dark green 
siltstone.  
-Sorted  
-Argillaceous (where fine) 
-Calcareous 
-Carboneous 
 
Storm 
deposits 
Offshore-
shoreface 
transition 
zone 
B -Generally coarsening upwards and blocky beds, in parts 
slightly fining upwards, of medium grain sandstone (bed 
thickness ranging from 10 cm to 1m thick). 
-The beds show abundant hummocky cross stratification 
(HCS) and or current ripple lamination at the base, overlain 
by plane lamination, wave ripple lamination or a massive 
interval. Soft deformation structures (load and ball and 
pillow structures) are very common.  
-The beds are moderately to highly bioturbated with vertical 
burrows.  
-Light greenish grey  
-Highly glauconitic and 
-carboneceous. 
-Slightly calcareous and -
pyritic. Calcite cement  
-Undetermined echinoderm 
and bivalve shells  
Shoreface 
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C -Blocky to slightly fining upwards beds and rarely 
coarsening upwards beds of coarse to medium sandstone, 10 
cm to 1m thick.  
-They show current ripple lamination, planar cross bedding, 
normal grading or a massive interval at the base, overlain by 
hummocky cross stratification (HCS) and current ripples.  
-Medium to light grey in color.  
-Moderately glauconitic, 
calcareous and carboneous. 
Small quartz pebbles scattered 
Amalgamate
d storm 
deposits and 
fairweather 
deposits. 
 
(Foreshore) 
D -Generally blocky and fining upward beds of very fine to 
fine siltstone and/or thick mudstones (bed thickness ranging 
from 10 cm to 2m) showing plane lamination, heterolithic 
plane lamination, ripple lamination with mud drapes, 
heterolithic ripple lamination (wavy lamination, flaser 
lamination etc), and massive intervals. Load structures are 
common. They are highly bioturbated and usually mottled.  
-Light greenish grey to dark greenish grey and dark brown. 
-Argillaceous 
-Non calcareous 
Carboneous (rare) 
-Wood fragments (rare) 
-Shells (rare) 
Lagoonal 
muds 
E -Fining upward beds of very coarse to silty fine sandstone, 
with erosive bases and gravel basal lags. The beds show 
trough or planar cross-bedding at the base (sometimes with 
gravel lags at trough bases), overlain by massive intervals, 
plane lamination, ripple lamination and or flaser lamination 
on top. Also slump structures, load structures and water 
escape structures are common throughout the bed.  
-Light grey to dark grey, greenish grey, green and dark 
brown in colour. 
-Argillaceous (where fine).  
-It contains siderite layers and 
pebbles, pyrite fragments, 
nodules and lenses, carbona-
ceous and coal layers, 
particles and filaments and 
wood fragments. Plant 
remains are present. 
-Glauconite can also be 
present.  
Tidal 
channels 
F -Coarsening upwards beds of heterolithic fine sandstone up 
to very coarse sandstones (or even gravelly sandstones with 
lags at bed tops), with plane bases. These beds begin with 
plane laminated or rippled laminated, interbedded, 
heterolithic very fine sandstone and siltstones, overlain by 
planar cross-bedded, trough cross-bedding or massive very 
coarse sandstone at top. Heterolithic portions include flaser 
lamination, while ripple lamination and cross bedding 
contain mud drapes. Soft deformation structures (water 
escape structures, load casts, ball and pillow structures) 
occur throughout the entire beds.  
-Grain size sorting increases towards the bed tops. The beds 
appear generally bioturbated and mottled. 
-White light greenish grey.  
-Argillaceous (where fine) 
Moderately carbonaceous. 
Non-calcareous to moderately 
calcareous, 
non- glauconitic to 
moderately glauconitic. 
Tidal bars 
G -Fining upward bed of fine conglomerate, or minor coarse 
sandstone, up to very fine sandstone, with erosive base. 
Beds begin with a basal conglomerate or infrequent 
normally graded coarse sandstones, overlain by plane 
laminated fine sandstone. The conglomerates are mainly 
clast-supported,massive, normally graded, trough or planar 
cross-bedded or plane bedded. However scarce massive 
matrix-supported conglomerates also appear. The 
conglomerates are composed of pebbles ranging from 0.5-
2cm. 
-Clear light grey and dark grey with brown colour.  
-Pyritised and coalified wood 
fragments (4cm length).  
-Carbonaceous, non-
calcareous to calcareous, 
chloritic.  
 
River 
channels 
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4.3.1 Facies and interpreted sub-environments 
 
In this study seven different facies were recognized which represent seven different 
paleoenvironment areas (see table 2). This section will discuss the paleoenvironments in 
detail. Figure 25 shows facies A, B and C with their associated depositional environments. 
 
Fig 25: Generalized shoreline profile showing sub-environments, processes and some facies 
recognized in this study (modified from Reading, 1996). 
 
Facies A: 
 
Facies A is interpreted as deposits of offshore-transition zone. The transition zone marks the 
beginning of offshore marine environments and the end of shallow marine environments. The 
offshore transition zone extends from the mean storm wave base to the mean fairweather 
wave base on storm dominated shelves (Nichols, 2009). This zone is characterised by 
alternations of high and low energy conditions. During storms the bottom is affected by 
oscillatory and shoaling waves, accompanied by storm generated waves. Normally, storm 
deposits consist of hummocky cross stratified (HCS) sandstones and bioturbated facies. 
During fairweather periods, fine grained sediments and mud silt interbeds settles from 
suspension and the bottom sediments are bioturbated (Reading, 1996).  
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However depending on the dominating process (storm and/or fair-weather process), this zone 
is generally characterized by moderate to highly bioturbated thin alternations of very fine 
sandstones and/or siltstones and muds, resulting into fining-upwards thin beds.  
 
Facies B: 
 
Facies B represents a shoreface environment. The shoreface extends from the mean 
fairweather wave base to the mean low tide level. It is known to be the zone of maximum 
sediment movement. Sands deposited in this environment may preserve wave-ripple cross-
lamination and hummocky cross stratification (HCS). However, the wave ripples become less 
common as the fair-weather wave base is approached in the lower part of the shoreface.  
Streaks of mud in flaser beds are deposited during intervals of lower wave energy becoming 
more common in the deposits of slightly deeper water further offshore (Nichols, 2009). The 
sediments are typically well-sorted sands with a basal lag of gravel (Hart and Plint, 1995). 
 
This zone has possibly sand dunes which may also be formed by flows generated by eddy 
currents related to storms and/or wave-driven longshore drift (Stubblefield et al., 1984). 
However these sand dunes are frequently wiped out during storm periods and replaced by 
storm-deposited facies such as laminated, hummocky cross stratified (HCS) and bioturbated 
facies (Reading, 1996). The shoreface zone also has a significant abundance of glauconite. 
Glauconite is a greenish ferric-iron silicate mineral that forms on submarine elevations below 
sea level, it is an indicator of shallow marine environment. 
 
Facies C: 
 
Facies C is interpreted as deposits of foreshore environment, a zone synonymous with a 
beach. The foreshore is regularly covered and exposed by most tides and thus is subjected to 
daily swash of the waves. This sub-environment forms in the swash zone and is composed of 
seaward dipping planar wedge sets of thin, even laminae, hummocky cross stratification, and 
also cross-bedding forms from migration of dunes and sandwaves. The sandstone here is 
mostly coarse grained and is moderately glauconitic. However, bioturbation is less notable 
than in the shoreface, and only composed of vertical burrows.  
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Facies D: 
 
Figure 26 shows Facies D with its interpreted depositional environment. 
 
Fig 26: Tidal flat succession in humid climate and the interpretation of facies D (Modified 
from http://strata.uga.edu/sequence/parasequences.html). 
 
Facies D is considered to represent deposits of lagoonal muds. Facies D is a succession of 
highly bioturbated or soft sedimentary deformed lagoonal muds. The beds of this facies 
originally were heterolithic siltstone and sandstone alternations that were later seen to be 
highly bioturbated or deformed by loading or fluid escape. Some mud cracks in this 
succession show subaerial exposure and this evidence of a probable intertidal to upper 
intertidal position.  
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Figure 26 however shows a succession starting with a subtidal flat zone that consists of 
sigmoidal cross-bedded sandstones (tidal bars and tidal channels of this study, facies E and F 
respectively). The subtidal flat zone is followed by the intertidal flat zone that comprises of 
alternating beds of burrowed mudstones and trough cross-laminated sandstones with flaser to 
lenticular bedding. This zone is overlaid by the supratidal flat zone consisting of burrowed 
and rooted mudstones and lastly the swamp deposits comprising coals. 
However, looking at the above shown general succession of a typical tidal flat, it can be 
inferred that the features and structures of facies D strongly resemble the upper part of the 
intertidal and supratidal flat. 
 
Facies E: 
Facies E is interpreted as deposits of tidal channels present in the subtidal areas of tidally 
influenced environments (Fig. 27).  
  
Fig 27: Tidal flat succession in humid climate and the interpretation of facies E and F 
(Modified from http://strata.uga.edu/sequence/parasequences.html). 
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Facies E is associated with tidal channels including tidal inlets. Tidal channels are in the inner 
part of the estuary where the river channel is controlled by tidal processes which form one or 
more low-gradient meandering channel commonly adopts a meandering form (Dalrymple et 
al., 1992). On the other hand, the tidal inlets are more or less permanent passages between 
barrier islands that allow tidal exchange between the open sea and lagoons, bays and tidal 
marshes behind the island (Peter et al., 1992). Evidence for tidal conditions in these deposits 
include herringbone cross-bedding.  
Tidal channel or tidal inlet deposits are represented by fining-upwards coarse to fine 
sandstone beds which begin with trough- or planar cross-bedded gravelly coarse sandstones 
with erosional basal contacts, overlain by plane laminated and rippled laminated medium to 
fine sandstone. The cross-bedded sandstones are gravelly and moderately sorted, with shale 
granules or shell fragments on foreset bases. The plane laminated or rippled laminated 
sandstones are quartzites and well sorted (“clean sandstones”).  Bioturbation that is both 
vertical and horizontal burrows is high in this facies, plant and wood fragments are visible, 
and also shale plugs occasionally occur within the sandstone unit. Siderite and ironstone 
concretions are common in lag gravel deposit in channel. 
 
Fig 28: Aspect of subtidal deposits in a present wave-dominated estuary showing the sinuous 
tidal channels separated by partially emerged tidal bars. The possible location of facies E and 
F is also shown. (Modified from http://www.flickr.com/photos/49371884@N04/4719961415/). 
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Facies F 
 
Facies F is associated with tidal bars (Figs. 27 and 28). Tidal bars are typically formed inside 
the lagoons of island bar-lagoon systems or in the internal part of the wave-dominated 
estuaries (Dalrymple et al., 1992), where tides transport and deposit both fluvially derived 
sediment and material brought in from the sea (Nichols, 2009). Tidal bars are represented by 
coarsening-upwards or blocky fine to medium sandstone beds which begin with rippled 
heterolithic medium sandstones overlain by planar cross-bedded medium sandstones with 
mud drapes and occasional vertical burrows (Fig. 29).  
Evidence of tidal conditions in these beds may include mud drapes, reactivation surfaces and 
opposite transport directions. The mud drapes form as the current slows down when the tide 
turns, and the reactivation surfaces occur as opposing currents erode the tops of dune 
bedforms. 
The coarsening upwards sequence with near-blocky, thick succession at the top and its 
sedimentary features including heterolithic bases, correlate very well with a tidal bar general 
succession (Fig. 29). 
Figure 29 shows Facies F with its associated depositional environment. 
 
Fig 29: Tidal bars succession (taken from Mutti et al., 1985). 
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Facies G: 
Facies G is interpreted as an indicative of a river channel (Fig. 30). River channels are 
comprised of finning upward, conglomerate or moderately sorted coarse grained sandstone, 
with normal grading, trough cross-bedding, planar cross-bedding or a massive interval. In the 
case of cross bedded sandstone deposits, they usually contain a gravel lag at the base of the 
troughs or at the bed base. The gravel is usually composed of particles of different 
composition (polymictic). The beds appear to have vug pores and abundant wood fragments. 
The finning-upwards character, presence of gravel lag, cross-bedding and gravel of varied 
composition confirms an origin associated with a river channel (Reinson, 1992). 
 
Figure 30: meandering river facies sequence showing the possible interpretation of facies G. 
(Modified from http://intheplaygroundofgiants.com/about-the-author). 
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4.4 Sedimentary environment  
This section will discuss the general sedimentary environment, meaning one sedimentary 
environment that can relate or show all the identified facies (from the three studied wells) 
together at the same time. As mentioned in the literature, Zone 3 deposits are a stratigraphic 
division of the Upper-Shallow Marine (Jungslager, 1996; PGS, 1999), hence this study aims 
to determine the sedimentary environment, evolution and facies areal distribution of the 
Upper Shallow Marine in the three studied wells and come up with a conceptual 
sedimentological model that will help agree or disagree with the previous findings.  
A conceptual model is all about creating a block diagram that aims to understand ancient 
environmental conditions by studying the constituents, textures, structures and fossil content 
of the deposits, in general the sedimentary features. The theory of geological 
Uniformitarianism proposed by Charles Lyell states that the geological processes we see 
today are the same as those in the past (Jurmain et al, 2013). This theory concludes that all 
these sedimentary features are somewhat related to some present-day settings that are 
currently in the process of forming such structures.  
Walter’s Law was applied to all the vertical sections (Figure 31, 32 and 33) of the three 
studied wells, and it was noted that there is a relationship between the facies. Looking at the 
vertical sections, it is seen that the tidal channels (facies E) are predominantly overlain by 
tidal bars (facies F) and to a very less extent by shoreface deposits (facies B) and lagoonal 
muds (facies D).  Also tidal bars are seen to be predominantly overlain by tidal channels and 
to a lesser extent by shoreface and transitional zone deposits (facies A). The shoreface 
deposits (facies B) are overlain by foreshore deposits (facies C) and transitional zone deposits 
(facies A). Also fluvial channels (facies G) are overlain by tidal channels and Tidal bars.  
All the studied wells have different predominance, thickness and arrangement of the facies, 
however they all have the same types of facies and have similar sedimentary features in those 
facies. The relationship between the facies in the different vertical successions makes 
geological sense as these sediments laterally occur next to one another in an active geological 
depositional setting. The most likely general depositional setting that all the studied wells 
form part of is an Island bar-lagoon system (Fig 34). 
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              Figure 31: Well E-S1 showing vertical sections of core 1 to core 4. Please refer to appendix for a detailed view of these vertical sections. 
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            Figure 32: Well F-AH4 showing vertical sections of core 1 to core 5. Please refer to appendix for a detailed view of these vertical sections. 
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               Figure 33: Well E-W1 showing vertical sections of core 3 to core 8. Please refer to appendix for a detailed view of these vertical sections. 
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An island bar-lagoon system is defined as a sandy island developed from a broadened barrier 
beach that is above high tide, parallel to the shore and wave dominated (Davis, 1994). This 
system has dunes, vegetated zones and swampy terranes extending lagoonward from the 
beach. The sub-environments involved in those systems range from a barrier and lagoon with 
a shoreface, beach, dunes, tidal flat and marsh to a barrier and lagoon with only a beach 
(Davis, 1994).  
 
The barrier islands-lagoon system consists of long, narrow sand bodies that separate offshore, 
sandy facies of the system, which  are the shoreface and foreshore, beach, dunes, and tidal 
deltas from the fine grained and muddy facies which are from the lagoon, tidal flats and 
marsh areas interior to the tidal flats (Walker, 1992).The island bar-lagoon system is very 
similar to the wave dominated estuaries from the facies point of view, and such environments 
are recognized in the E-M field of the Bredasdorp basin (Jungslager, 1996, Magobiyane, 
2014).  
 
 
Figure 34: Block diagram illustrating the probable location of the wells according to their 
predominance of facies in a lagoon-island system (Modified from Walker and James, 1992).  
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As mentioned above all the studied wells are seen to have different predominance, thickness 
and arrangement of the facies. It was noted that well E-S1 showed more abundance of 
lagoonal muds (facies D), followed by some tidal channels (facies E) and tidal bars (facies F). 
It is also noted that the least abundant facies in well E-S1 are the transition zone (facies A), 
shoreface (facies B), and foreshore (facies C) facies (see Figure 31). 
 
Well F-AH4 shows more abundance of tidal channels (facies E) and tidal bars (facies F), 
followed by some transition zone deposits (facies A), foreshore (facies C) and shoreface 
(faceis B) facies. The very least abundant facies in this well was noted to be the fluvial 
channels (facies G) (Fig.32). Well E-W1 shows more abundance of the transition zone (facies 
A), shoreface (facies B) and foreshore (facies C) facies, followed by some tidal channels 
(facies E) and tidal bars (facies F). The very least abundant facies in this well is noted to be 
the fluvial channels (facies G) (Fig.33). 
 
According to the facies predominance the order for the correlation shows that E-S1 is in an 
inside position, inside the lagoon, F-AH4 is on the outer margin of the island bar, and E-W1 
is more marine, located more offshore in a deeper position (Fig.34). As the findings of this 
study in relation to facies classification does not show significant presence of fluvial channels 
(facies G) relative to other facies, it is strongly believed that this coastal setting is lagoonal 
rather than partially or open-ended estuarine. 
 
The formation of a barrier environment is reliant upon the presence of enough sand-sized 
material to form a barrier beach. The total barrier-lagoon system is a three dimensional 
feature including a sequence of sediments up to 10 m thick that have developed over a span 
of geological time. The processes forming sand barriers may lead to the development of two 
types of barrier systems: regressive and transgressive (Walker, 1992). The overlapping of 
deeper water sediments over landward deposits is referred to as transgressive, whereas the 
migration of the shoreline oceanward is regressive (Reinson, 1992). Depending on sediment 
supply and hydrodynamic conditions a barrier island may migrate parallel or normal to the 
coast or remain stationary. With a rise in sea-level, the lagoons pass over the land, and the 
barrier beaches follow behind them, transgressing over older lagoonal deposits. Individual 
facies of the barrier-lagoon system are characterized by the differences in their texture of the 
sediments and the migration can be showed by coring.  
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                                                    CHAPTER 5 
5. Conclusion 
 
Seven facies were identified in the study area: Facies A, B, C, D, E, F and G. Facies A, B and 
C were interpreted as fair-weather and storm deposits of the offshore-transition zone, 
shoreface and foreshore respectively, sometimes with significant hummocky cross-
stratification. Facies D was interpreted as lagoonal mud deposits, while Facies E and F were 
interpreted as tidal channel and tidal bar deposits respectively, all three with common 
heterolithic features (flaser bedding, lenticular lamination, wavy lamination) and mud drapes. 
Finally Facies G was interpreted as fluvial channel deposits. These facies allowed the 
inference that the sedimentary environment of the study area is a wave-dominated estuary or 
an island-bar lagoon system, as shown on figure 34, where the possible locations for the three 
wells are shown.  
 
Considering the facies distribution, well log shapes and trends, a general decrease of the 
reservoir quality towards well E-W1, can be observed. Well E-W1 is located basinwards with 
respect to the other two wells, as the preponderance of offshore-transition zone and shoreface 
facies indicate. This trend also suggests a strong correspondence between the better reservoir 
quality and the relatively coarser sandy facies of tidal bars, tidal channels and foreshore 
deposits, constraining the better reservoir facies in the vicinity of wells E-S1 and F-AH4 in a 
direction parallel to the paleocoast. 
 
The general "fining-and-then-coarsening upwards" trend (hour-glass shape) of the USM is 
seen in wells E-S1 and F-AH4. These trends are believed to have been influenced by relative 
sea level changes, such as transgression and regression. 
 
In conclusion the conceptual model (Fig. 34) produced by the study helped to confirm the 
previous findings by PGS (1999), which reported that the Upper Shallow Marine beds were 
deposited in a tidal/estuarine to shoreface setting. Also the confirmation of Magobiyane 
(2014), which proposed a wave-dominated estuary for the Upper Shallow Marine reservoir 
between E-M and F-AH fields, located west of the study area. 
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APPENDICES  
Appendix 1: Facies classification, modified after Miall, 1978c. 
 
 
 
Facies code Lithology Sedimentary structures 
Fr 
 
Mud, silt Massive, roots, bioturbation 
Fm Mud, silt Massive, desiccation cracks 
Fsm Silt, mud Massive 
Fl Sand, silt, mud Fine lamination, very small ripples 
Sm Sand, fine to coarse Massive or faint lamination 
Ss Sand, fine to very coarse, may be 
pebbly 
Broad, shallow scours 
Sl Sand, very fine to coarse, may be 
pebbly 
Low angle(<15ᴼ) cross-beds 
Sh Sand, very fine to coarse, may be 
pebbly 
Horizontal lamination parting or 
streaming lamination 
Sr Sand, very fine to coarse Ripple cross-lamination 
Sp Sand, fine to very coarse, may be 
pebbly 
Solitary or grouped planar cross-beds 
St Sand, fine to very coarse, may be 
pebbly 
Solitary or grouped planar trough 
cross-beds 
Sd  Sand, fine to very coarse, may be 
pebbly 
Deformed 
Sw Sand, very fine to coarse Wavy lamination 
Sg Sand, fine to very coarse, may be 
pebbly or gravelly 
 
Sgp Sand, fine to very coarse, may be 
pebbly or gravelly 
Planar cross-beds 
Gp Gravel, stratified Planar cross-beds 
Gt Gravel, stratified Trough cross-beds 
Gh Clast-supported, crudely bedded 
gravel 
Horizontal bedding, imbrications 
Gcm Clast-supported massive gravel  
Gci Clast-supported gravel 
 
Inverse grading 
Gmg Matrix-supported gravel 
 
Inverse to normal grading 
Gmm Matrix-supported, massive gravel Weak grading 
Gg Gravel  
HCS Sand, very fine to coarse Hummocky cross-stratification 
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Appendix 2: E-S1 Core one detailed vertical section with a legend on the right side. 
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Appendix 3: E-S1 Core two detailed vertical section with a legend on the right side. 
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Appendix 4: E-S1 Core three detailed vertical section with a legend on the right side. 
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Appendix 5: E-S1 Core four detailed vertical section with a legend on the right side. 
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Appendix 6: F-AH4 Core one detailed vertical section with a legend on the right side. 
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Appendix 7: F-AH4 Core two detailed vertical section with a legend on the right side. 
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Appendix 8: F-AH4 Core three detailed vertical section with a legend on the right side. 
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Appendix 9: F-AH4 Core four and Core five detailed vertical section with a legend on the side. 
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Appendix 10: E-W1 Core three detailed vertical section with legend on the right side. 
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Appendix 11: E-W1 Core four detailed vertical section with legend on the right side. 
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Appendix 12: E-W1 Core five detailed vertical section with a legend on the right side. 
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Appendix 13: E-W1 Core six detailed vertical section with a legend on the right side. 
 
 
 
 
Page | 91  
 
 
Appendix 14: E-W1 Core seven detailed vertical section with a legend on the right side. 
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Appendix 15: E-W1 Core eight detailed vertical section with a legend on the right side. 
 
 
 
 
 
